INTRODUCTION
============

Nearly one-half of Guatemalan children experience growth faltering ([@b1]). Compared with nonindigenous children of European and mixed-European and indigenous descent, indigenous children of predominantly Mayan descent are disproportionately affected by growth faltering. An estimated 66% of indigenous children compared with 36% of nonindigenous children \<5 y of age are stunted, which is defined as height-for-age *z* score (HAZ)^6^ less than −2 in the 2006 WHO Child Growth Standards ([@b1], [@b2]). The high level of growth failure has profound adverse consequences for the physical, cognitive, and economic development of affected children, their communities, and the country overall ([@b3]--[@b7]).

Growth faltering in Guatemalan children has been shown to start in utero and has been associated with maternal height and nutritional status ([@b8]--[@b12]). In indigenous children in Guatemala, as elsewhere, postnatal deterioration in growth has been broadly attributed to the following 2 major determinants: undernutrition and infections ([@b11], [@b13]--[@b19]). However, to our knowledge, potential contributions of more distal social and cultural factors to illness and malnutrition have not been systematically explored in this setting to identify potential beneficial interventions.

For our study of the effects of paternal migration on child health ([@b20]), we conducted an ethnographic study in an indigenous village in the Department of Totonicapán. As the study progressed, an intriguing theme developed in the interviews whereby caregivers perceived gender differences in the feeding behaviors of indigenous infants (0--12 mo of age) and young children. Taking advantage of this natural experiment ([@b21]) and being cognizant of the relation in infant and young child (IYC) feeding practices, morbidity, and growth ([@b13], [@b18], [@b22]--[@b32]), this finding led us to predict that sex would be associated with the growth pattern of children 0--35 mo of age who were living in the village. Subsequently, we conducted an anthropometric survey in the village to examine this prediction. The results of the village anthropometric survey confirmed the predicted growth patterns. We analyzed national \[Demographic and Health Survey (DHS)\] data to determine whether the village growth age-sex patterns were seen in children nationwide.

METHODS
=======

Definitions of gender and sex
-----------------------------

This article rests on the central distinction between sex and gender. The concept of sex refers to the biological differences between males and females in any species. These differences are determined by genetics, the environment, and the interaction of the 2 factors. The concept of gender refers to the socially constructed beliefs, attitudes, perceptions, and behaviors that humans ascribe to differences between sexes. Differences in child caregiving behaviors that have their origins in gender-associated beliefs and perceptions can lead to biological differences between girls and boys, including differences in growth patterns that may be incorrectly ascribed to inherent, genetically determined sex differences.

Definition of indigenous and nonindigenous in Guatemala
-------------------------------------------------------

The Guatemalan population of ∼12 million people is roughly divided into the following 2 groups: indigenous and nonindigenous. In the indigenous population, there are 21 Mayan linguistic groups as well as the non-Mayan Xinca and Garifuna. Mayans are the descendants of pre-Colombian inhabitants of Southern Mexico and Central America. Many aspects of Mayan social organization, calendars, religion, and other sociocultural behaviors are also of pre-Colombian origin. According to the last national census conducted in 2002, 39% of the total population self-reported as Mayan, 3.7% of the total population self-reported as Xinca, and 4.9% of the total population self-reported as Garifuna ([@b33]). The concept of ethnicity is fluid in Guatemala because many indigenous people culturally assimilate into the mainstream nonindigenous culture after migration out of their communities of origin to urban centers or abroad ([@b34], [@b35]). As a result, the nonindigenous population, which is also referred to as the "ladino" population, includes people of European, indigenous, and mixed European and indigenous descent. Although ethnic identity in Guatemala is occasionally determined by observation ([@b36]), it is largely self-determined and depends more on cultural practices, including dress and language, than on genetics. Socioeconomic status is associated with the indigenous and nonindigenous distinction. More than 75% of the indigenous population has been estimated to be impoverished compared with 35% of the nonindigenous population ([@b37]).

### Study 1: village ethnographic study

The Department of Totonicapán, which is located 203 km from the nation's capital and with an average altitude \>2500 m, was chosen as the region of focus for the research on the basis of its prevalence of chronic malnutrition. An estimated 82% of children \<5 y of age are stunted ([@b1]). The department is renowned for preserving Maya K'iche' culture and language; 95% of women identify themselves as Maya K'iche' ([@b38]) and most women dress in the colorful, traditional embroidered huipil (blouse) and woven corte (skirt). A rural village was selected as the study site because of personal contacts with a nongovernmental organization that provided primary health care services in the village and the willingness of local officials to participate in the study. These features made it possible to conduct ethnographic and health research in the village. In 2003, the village had a population of ∼12,000 people who resided in 22 locally recognized sectors; 5 sectors were randomly chosen for the study.

This first study was approved by the Institutional Review Board for Human Participants at Cornell University. The study details, including the objectives, selection procedure, methods, and sponsoring organization (Cornell University), were verbally communicated in K'iche' or Spanish depending on the language preference of the interviewee. Consent forms were obtained according to the standards of the Institutional Review Board for Human Participants at Cornell University.

Data collection included repeated participant observation, field notes, and multiple informal and semistructured interviews for 18 mo starting in May 2003. The study team was composed of the lead researcher (AT) who originated from the United States, 4 local community health workers, and 3 local university-trained professionals. Bilingual (Spanish and K'iche') community health workers acted as ambassadors to their village for the researchers and assisted in anthropometric measurements. The university-trained professionals, who were all fluent in K'iche', assisted in wording interview questions, conducting interviews in K'iche', and analyzing the qualitative data.

Semistructured interviews were conducted with 24 mothers of children 0--35 mo old. The sample was selected on the basis of the migratory status of fathers because of our interest in the effect of paternal migration to the United States. However, we did not report on that distinction in the current study because we showed no sex differences in childcare on the basis of male migration status. In the study area, 8 households had fathers in the United States; all 8 of the mothers of those households were invited to participate, and all of the mothers agreed to be part of the study. An additional 16 mothers with husbands who were not in the United States were selected on the basis of a similar family composition to that of the migrant families and were invited and agreed to participate in the study. Mothers were visited by the research team an average of 7 times over the course of the fieldwork. All of the mothers interviewed identified themselves as indigenous.

All interviews were recorded, translated, and transcribed. The professional research assistants independently checked interview translations and transcripts for accuracy. In addition to transcripts, the researcher recorded field notes of observations and interview summaries after household visits. The professional research assistants and lead researcher discussed their impressions of the interviews at the end of each day in the village. The data-analysis process was ongoing during the investigation and guided, to the extent possible, the direction of subsequent interviews and follow-up questions. The QSR International qualitative software application NVivo was used to organize data and facilitate coding ([@b39]). An identification of themes and coding followed the recommended procedures for this type of analysis ([@b40]). Measures to ensure reliability and validity included collecting rich data with verbatim transcripts of taped interviews; member checks with the solicitation of feedback about the data and emerging themes from local community health workers; and the triangulation of interviews and observations over an extended duration of fieldwork ([@b41], [@b42]).

### Study 2: village anthropometric survey

On the basis of partial analyses done by April 2004 of the village ethnographic data, we expected differences in growth between sexes; thus from May 2004 to November 2004, we collected anthropometric data from all children (0--35 mo old) in the 5 sectors (60 girls and 59 boys), except for 3 boys and 6 girls who were absent. The lead researcher, who is a registered dietitian with training in anthropometric measures, measured the children with the assistance of the community health workers. Children younger than 24 mo of age were measured in a supine position (recumbent length), whereas older children were measured standing up (height). Length and height are often referred to as height, which is a convention that we follow in this article. The second study was approved by the Institutional Review Board for Human Participants at Cornell University.

### Study 3: national anthropometric study

To determine whether the prediction confirmed in a single village could be extrapolated beyond the village, we turned to anthropometric data of the 1998--1999 DHS national sample, in which subjects were identified by ethnic group. This nationally representative data set is in the public domain and is available from the DHS website ([@b43]) as is the description of its complex, multistage probability sampling design. The sampling frame of households within 281 sampling units was stratified by 6 urban and rural regions, which encompass the 14 departments of the country. Each sampling unit had 10--20 households. The overall response rate was 83.4%. Anthropometric data were collected from 2343 of children 0--35 mo old

We tested our prediction about national sex differences in growth patterns on data from 463 and 506 indigenous girls and boys in the DHS data set. We also analyzed the growth in 694 nonindigenous girls and 680 nonindigenous boys to see whether similar growth patterns existed in the nonindigenous population. The analysis of these data was approved by the Institutional Review Board for Human Participants at Cornell University.

Growth indexes
--------------

Growth faltering is assessed with the use of the mean of individual deficits, which are calculated as the difference between the measured height and the median age- and sex-specific height obtained from the growth standards. This height-for-age difference (HAD) can be used analytically in absolute terms or relative to the SD to calculate the HAZ as follows ([@b44]):

![](ajcn100776equ1.jpg)

Because of the adjustment to each child's height relative to the median and the distribution of the child's expected height for his or her age and sex, the HAZ provides a mean value for groups of children with different sex and age compositions, which has been used for comparisons across populations. The HAZ is also used to evaluate changes in the nutritional status of children at different ages. However, the calculation of a HAZ uses, as denominator, the SD of the growth standard, which increases substantially from birth to 5 y of age ([@b45]). As a consequence, changes in the HAZ with age can be due to changes in the numerator (the magnitude of the difference HAD) or to changes in the denominator (the increasing SD with age). These effects mean that changes in the HAZ do not directly correspond to absolute changes in height (HAD) across ages. If the HAD remains constant as children age (reflecting the absence of improvement over time), the HAZ will converge toward zero, thereby incorrectly suggesting an improvement with age simply because the denominator (i.e., the SD) increases with age ([@b45]). Therefore, the HAD, rather than the HAZ, should be used to describe and compare longitudinal changes in height as individual children or populations of children get older ([@b45]). In our analysis, we use the HAD means to examine sex differences in growth from 0 to 35 mo of age. We also compare the differences in results with the use of the HAD vs. HAZ.

We calculated the HAD (in cm) and the HAZ (in SD units) with the use of the WHO 2006 Child Growth Standards available on the WHO website ([@b46]). The WHO 2006 growth standards are based on a worldwide sample of healthy breastfed infants and provide a better tool than other references do for analyzing the growth of breastfed infants ([@b47]). Deviations from these norms that are due to the environment reflect the health and nutrition of the child and are overwhelmingly determined by childcare circumstances and processes at these young ages ([@b44]).

Cross-sectional anthropometric data are used extensively to infer past growth ([@b44], [@b48]). The representation of the cross-sectional data is a close approximation of the mean evolution of the height-for-age of the children over the span of ages studied ([@b49], [@b50]). Therefore, in this article, we refer to the mean growth of this population of children although the data are not longitudinal.

Statistical analysis of village data
------------------------------------

The analysis for the village data were confirmatory ([@b51]) for the prediction that there would be a sequence of differences between boys and girls beginning with a large difference by midinfancy and diminishing to a much smaller difference thereafter. The mean HAD at 6-mo age intervals (i.e., 0--5, 6--11, 12--17, 18--23, 24--29, and 30--35 mo) was calculated and plotted for each sex. The confirmatory test was visual.

The village-data analysis was exploratory relative to the intervals in which this sequence would occur because there was no empirical or theoretically sound basis to specify exact age intervals beforehand. Therefore, we chose the intervals that seemed most revealing in the village data and developed a single statistical test to examine differences between sexes at the 2 age intervals (differences of the differences test). However, note that any resulting statistical significance of this test is difficult to interpret because the intervals were not chosen a priori, and the test overestimates the significance because of the multiple possible comparisons at different intervals that could have been examined ([@b51]).

Statistical analysis of DHS data
--------------------------------

The analysis of the DHS growth data were confirmatory for the hypotheses designed to replicate the findings from the village data including the age intervals. For our overall inference about the pattern of sex differences, we used the single statistical test developed for the village data to avoid any multiple testing on the DHS data set. The significance of the differences of the differences would confirm our prediction for the Guatemalan indigenous population.

Statistics were computed with the use of the Intercooled Stata 9.2 statistical software package (StataCorp LP) ([@b52]). For the DHS data, survey (svy in Stata) commands were used that were appropriate for the analysis of survey data with clustering. SEs of the means that were related to the estimation of significances of differences between means were calculated for table and figure presentations. One-tailed statistical significance was set at *P* \< 0.05 because the expected directions of differences were specified beforehand.

RESULTS
=======

Study 1: village ethnographic study
-----------------------------------

A common saying and recurrent theme in interviews concerned gender differences. For example, women commonly said "The man is the head of the woman." Most women in the village were expected to be submissive to men. Many women needed the permission of their husbands to leave the household, even when the husband was not physically present. The following quotation is from a woman whose husband was in the United States:

> I ask. I have to ask his permission. As long as he is alive, I have to ask permission. Because there is no way that I am going to decide alone to do things. Now if I have to go to visit my parents, well I have to ask, I am not in charge of myself, and even more now that there is a telephone in the house. What if he calls? He calls constantly, sometimes when I am not here and then he asks me where I was! So I always tell him where I am going!

In the community, women's passivity compared with that of men was culturally attributed to innate differences between sexes and thought to be observable even in early infancy. For example, one respondent said, with respect to the differences in the sounds of a male baby's and a female baby's cry, "The boy cries with a strong voice. It is the same as when a man talks, with a strong voice, and the woman with a soft voice. Well, because it is a boy! Girl's voice in fact is soft, less strong, or what do you think? Men and women are not the same!"

As the ethnographic interviews progressed, an important theme emerged. Mothers not only believed girls and boys were innately different but also reported a pattern of perceived differences in how they breastfed and how the children should be fed. Mothers perceived that boys were hungrier than girls were. This perception was derived from the belief that boys are fussier as described in the following quotation:

> Boys cry more. Yes, the girls are different. Girls cry because they want to breastfeed or are wet, but they cry more because they are wet. In comparison, the boys are big eaters! Boys cry because they want to breastfeed, and also because they are wet or want to be held. Boys are more demanding because they are boys! In comparison, we, the girls, the little women, well, we are calmer.

Mothers also perceived that boys emptied the breast more quickly and fully than girls did and demanded the breast more often ("Who breastfeeds more are the boys, maybe because their stomach is bigger, more often they breastfeed than the girls, sometimes the girls after breastfeeding stay sleeping, however, the boys ask for the breast very soon").

Because boys were perceived to be hungry sooner and less satisfied, mothers perceived that their breast milk "runs out" for boys, saying, "If it is a boy, the milk runs out. Boys breastfeed well, they breastfeed, now the girls do not finish \[the breast milk\], they breastfeed less."

Compared with boys, girls were characterized as more patient, less demanding, requiring less time to breastfeed, and requiring less complementary food. For example, mothers reported that female infants need to eat less frequently than do male infants, saying, "Well, here, the boy always eats more. You have to give \[the boy\] a snack. Sometimes, when you breastfeed him, well, he always stays fussy, and if you give him a snack, he stays satisfied, sometimes boys eat up to 4 times per day! In comparison, the girl eats 3 times! The girl eats less than the boy."

A common snack or between-meals food in the village, which is given to infants and young children, is atole (in Spanish) or aki'a (in K'iche'), which is a thin gruel made from ground corn dough mixed with water and sugar.

On the basis of these ethnographic findings, and cognizant of the relations in IYC feeding practices, morbidity, and growth ([@b13], [@b18], [@b22]--[@b32]) as explicated in the Discussion section of this article, we predicted that the villages girls and boys would have different growth patterns. We expected a cumulative difference in favor of girls by midinfancy that might continue but would diminish over time. At this stage of the study, we did not have a hypothesis about the magnitude and timing of these differences between sexes because that would have depended on the relative rates of growth faltering of sexes.

Study 2: village anthropometric survey
--------------------------------------

[**Figure 1**](#fig1){ref-type="fig"} presents the growth curves generated by plotting HAD means for 6-mo age intervals of girls and boys aged 0--35 mo with the use of the Totonicapán village data. Figure 1 visually bears out our expectation of a greater deficit in the HAD of boys than of girls beginning in midinfancy and followed by a marked diminution of the differences in deficit thereafter. The pattern in [Figure 1](#fig1){ref-type="fig"} confirms our theory, which was based on the ethnographic findings preceding the analysis of these data.

![Growth curves generated by plotting mean ± SE HADs (in cm) for 6-mo age intervals of indigenous girls and boys with the use of Totonicapán village data disaggregated by age group and sex. *n* values for age groups were as follows: 0--5 mo, 6 girls, 10 boys; 6--11 mo, 11 girls, 12 boys; 12--17 mo, 4 girls, 10 boys; 18--23 mo, 16 girls, 6 boys; 24--29 mo, 7 girls, 15 boys; and 30--35 mo, 16 girls, 6 boys. HAD, height-for-age difference.](ajcn100776fig1){#fig1}

A statistical confirmation depended on facts about timing, which we could not specify on the basis of the ethnographic findings alone. However, an analysis of [Figure 1](#fig1){ref-type="fig"} shows that boys' growth began to deteriorate in the first 6 mo of infancy, whereas the girls' growth was healthy until the end of infancy when the girls' growth began to deteriorate more than those of boys. A significant sex difference in the mean HAD was shown in the 6--17-mo interval. The difference of the HAD between girls (−3.51 cm) and boys (−6.49 cm) was 2.98 cm (*P* \< 0.03) ([**Table 1**](#tbl1){ref-type="table"}).

###### 

Differences in mean HADs between girl and boy indigenous children aged 6--17 and 18--29 mo, Totonicapán village data[^1^](#tblfn1){ref-type="table-fn"}

  Age and sex                     *n*   Mean HAD                                          Girls minus boys, cm   *P* \> *t*[^2^](#tblfn2){ref-type="table-fn"}   Difference of the differences   *P* \> *t*[^2^](#tblfn2){ref-type="table-fn"}
  ------------------------------- ----- ------------------------------------------------- ---------------------- ----------------------------------------------- ------------------------------- -----------------------------------------------
  6--17 mo                                                                                                                                                       ---                             ---
   Girls                          15    −3.51 ± 1.13[^3^](#tblfn3){ref-type="table-fn"}   2.98 ± 1.48            0.025                                                                           
   Boys                           22    −6.49 ± 0.95                                                                                                                                             
  18--29 mo                                                                                                                                                      ---                             ---
   Girls                          23    −10.27 ± 0.52                                     0.07 ± 0.81            0.468                                                                           
   Boys                           21    −10.34 ± 0.63                                                                                                                                            
  Difference of the differences   ---   ---                                               ---                    ---                                             2.92                            0.0438

HAD, height-for-age difference.

One-tailed test.

Mean ± SE (all such values).

Because of more growth retardation in girls than in boys after 12 mo, the difference in favor of girls seen in the 6--17-mo interval diminished over time, as expected, so that it was only a 0.07-cm HAD by the 18--29-mo interval. The difference of the differences (2.98 − 0.07) was significant (*P* \< 0.05). As discussed in Methods, the significance of these findings in the village data were not interpretable.

Study 3: national anthropometric study
--------------------------------------

### Findings in Guatemalan indigenous children

The analyses of the DHS data investigated whether the village pattern was replicated nationally. We amended our village prediction for a new prediction that specified the 6--17- and 18--29-mo intervals chosen from the village data. [**Figure 2**](#fig2){ref-type="fig"} presents the growth curves generated by plotting the HAD means for 6-mo age intervals of indigenous girls and boys aged 0--35 mo with the use of the national DHS data (**Supplemental Table 1**). Nationwide, the HAD mean differences between sexes in indigenous children ([Figure 2](#fig2){ref-type="fig"}) showed a pattern similar to that shown in [Figure 1](#fig1){ref-type="fig"} of the village study.

![Growth curves generated by plotting mean ± SE HADs (in cm) for 6-mo age intervals of Guatemalan indigenous girls and boys with the use of national Demographic and Health Survey data disaggregated by age group and sex. *n* values for age groups were as follows: 0--5 mo, 83 girls, 77 boys; 6--11 mo, 73 girls, 91 boys; 12--17 mo, 74 girls, 90 boys; 18--23 mo, 78 girls, 85 boys; 24--29 mo, 80 girls, 96 boys; and 30--35 mo, 75 girls, 67 boys. HAD, height-for-age difference.](ajcn100776fig2){#fig2}

In the DHS data, as in the village data, the boys' growth began to deteriorate in the first 6 mo of infancy, and the girls' growth deteriorated very little until 12 mo. As shown in [**Table 2**](#tbl2){ref-type="table"}, the resulting difference in the 6--17-mo interval in the HAD between girls (−5.14 cm) and boys (−6.75) was 1.61 cm (*P* \< 0.001).

###### 

Differences in mean HADs between girl and boy indigenous children aged 6--17 and 18--29 mo, DHS data[^1^](#tblfn4){ref-type="table-fn"}

  Age and sex                     *n*   Mean HAD                                          Girls minus boys, cm   *P* \> *t*[^2^](#tblfn5){ref-type="table-fn"}   Difference of the differences   *P* \> *t*[^2^](#tblfn5){ref-type="table-fn"}
  ------------------------------- ----- ------------------------------------------------- ---------------------- ----------------------------------------------- ------------------------------- -----------------------------------------------
  6--17 mo                                                                                                                                                       ---                             ---
   Girls                          147   −5.14 ± 0.42[^3^](#tblfn6){ref-type="table-fn"}   1.61 ± 0.50            \<0.001                                                                         
   Boys                           181   −6.75 ± 0.32                                                                                                                                             
  18--29 mo                                                                                                                                                      ---                             ---
   Girls                          158   −9.88 ± 0.48                                      0.35 ± 0.44            0.213                                                                           
   Boys                           181   −10.23 ± 0.28                                                                                                                                            
  Difference of the differences   ---   ---                                               ---                    ---                                             1.26                            0.0440

DHS, Demographic and Health Survey; HAD, height-for-age difference.

One-tailed test.

Mean ± SE (all such values).

The HAD deteriorated in the 18--29-mo interval for boys at the same rate as in the previous year. Girls not only began to deteriorate in this interval but did so more severely than boys did. The 6--17-mo interval 1.61 cm HAD difference in favor of girls diminished to 0.35 cm in the 18--29-mo interval. The test of the difference of the differences confirmed the prediction that was refined on the basis of the village anthropometric survey (*P* \< 0.05) and was generalizable nationally. The national data also replicated the village finding that the girl HAD deteriorated little in infancy.

The pattern of differences between sexes reported in the current article became apparent only when the analyses used sufficiently narrow intervals to capture the periods in which the differential growth occurred. An examination that used large intervals, such as 0--23- and 0--35- mo intervals, resulted in mean HAD differences of 1.12 cm (*P* \< 0.001) and 0.61 cm (*P* \< 0.05), respectively, in favor of girls. These mean differences masked the greater growth retardation in girls relative to that in boys in the second year of life, which was revealed by examination across narrower intervals.

The analysis with the use of the HAZ resulted in the same conclusions as for the HAD regarding differences in the timing of growth faltering between sexes. The HAZ mean difference in the 6--17-mo interval in the HAZ between girls (−1.97) and boys (−2.76) was 0.79 (*P* \< 0.001); and the 6--17-mo interval 0.79 HAZ difference in favor of girls diminished to 0.30 in the 18--29-mo interval (*P* \< 0.05) ([**Table 3**](#tbl3){ref-type="table"}). However, the use of the HAD vs. the HAZ resulted in markedly different patterns of growth-deficit accumulation between girls and boys ([**Figure 3**](#fig3){ref-type="fig"}). The growth curves that were based on the HAZ ([Figure 3](#fig3){ref-type="fig"}) showed an improvement in boys and stabilization in girls from 24 to 35 mo of age. In contrast, the growth curves that were based on the HAD ([Figure 2](#fig2){ref-type="fig"}) showed stabilization but no improvement in boys and further deterioration for girls after 24--35 mo of age. An extension of the HAZ growth curves to 60 mo of age resulted in continued improvement in both girls and boys, whereas the HAD growth curves to 60 mo of age showed a continued decline (an increase in deficit) in both girls and boys (data not shown).

###### 

Differences in mean HAZs between girl and boy indigenous children aged 6--17 and 18--29 mo, DHS data[^1^](#tblfn7){ref-type="table-fn"}

  Age and sex                     *n*   Mean HAZ                                          Girls minus boys, cm   *P* \> *t*[^2^](#tblfn8){ref-type="table-fn"}   Difference of the differences   *P* \> *t*[^2^](#tblfn8){ref-type="table-fn"}
  ------------------------------- ----- ------------------------------------------------- ---------------------- ----------------------------------------------- ------------------------------- -----------------------------------------------
  6--17 mo                                                                                                                                                       ---                             ---
   Girls                          147   −1.97 ± 0.16[^3^](#tblfn9){ref-type="table-fn"}   0.79 ± 0.17            \<0.001                                                                         
   Boys                           181   −2.76 ± 0.13                                                                                                                                             
  18--29 mo                                                                                                                                                      ---                             ---
   Girls                          158   −3.06 ± 0.15                                      0.30 ± 0.14            0.033                                                                           
   Boys                           181   −3.36 ± 0.10                                                                                                                                             
  Difference of the differences   ---   ---                                               ---                    ---                                             0.492                           0.022

DHS, Demographic and Health Survey; HAZ, height-for-age *z* score.

One-tailed test.

Mean ± SE (all such values).

![Growth curves generated by plotting mean ± SE HAZs for 6-mo age intervals of Guatemalan indigenous girls and boys with the use of national Demographic and Health Survey data disaggregated by age group and sex. *n* values for age groups were as follows: 0--5 mo, 83 girls, 77 boys; 6--11 mo, 73 girls, 91 boys; 12--17 mo, 74 girls, 90 boys; 18--23 mo, 78 girls, 85 boys; 24--29 mo, 80 girls, 96 boys; and 30--35 mo, 75 girls, 67 boys. HAZ, height-for-age *z* score.](ajcn100776fig3){#fig3}

### Findings in Guatemalan nonindigenous children

[**Figure 4**](#fig4){ref-type="fig"} shows that nonindigenous children were less stunted than indigenous children were. In contrast to the indigenous children, there were no consistent differences in the growth patterns of nonindigenous girls and boys or any statistical difference in the HAD between sexes in the 6--17-mo age interval.

![Growth curves generated by plotting mean ± SE HADs (in cm) for 6-mo age intervals of Guatemalan nonindigenous and indigenous girls and boys with the use of national Demographic and Health Survey data disaggregated by age group and sex. *n* values for nonindigenous age groups were as follows: 0--5 mo, 123 girls, 114 boys; 6--11 mo, 116 girls, 115 boys; 12--17 mo, 118 girls, 116 boys; 18--23 mo, 116 girls, 123 boys; 24--29 mo, 128 girls, 115 boys; and 30--35 mo, 93 girls, 97 boys. *n* values for indigenous age groups were as follows: 0--5 mo, 83 girls, 77 boys; 6--11 mo, 73 girls, 91 boys; 12--17 mo, 74 girls, 90 boys; 18--23 mo, 78 girls, 85 boys; 24--29 mo, 80 girls, 96 boys; and 30--35 mo, 75 girls, 67 boys. HAD, height-for-age difference.](ajcn100776fig4){#fig4}

DISCUSSION
==========

In the village ethnographic interviews, we showed that mothers gave foods to complement breast milk early to boys because they perceived that their breast milk was insufficient. Unfortunately, this action was counterproductive because the too-early introduction of food other than breast milk reduces breast-milk production because vigorous suckling and emptying of the breast are necessary to maintain breast-milk production ([@b53]). Thus, giving complementary food in response to the perception that boys are hungry leads to a vicious cycle of less milk, more hunger, feeding of more complementary foods, and even less milk production. Complementary feeding also exposes the boys to pathogens and illnesses ([@b14], [@b54], [@b55]), which is compounded by less ingestion of breast milk's health-promoting factors ([@b14]). Illnesses compromise growth ([@b56]) and do so more in children with poor nutrition than in well-nourished children ([@b57]). Thus, a poor diet and illnesses potentiate each other in impairing growth. We expected that all of these detrimental effects of the early introduction of complementary food to boys would lead to a cumulative difference in growth in favor of girls, which would become apparent by ∼6 mo of age.

After the first half of infancy, the advantages of exclusive breastfeeding are outweighed by an increasing nutritional deficit in girls relative to in boys. Starting at ∼6 mo of age, both girls and boys need food to complement breast milk ([@b30]), but in the study village, mothers reported that girls were fed less food than boys were fed. These considerations led us to predict that boys' growth would falter in the first half of infancy because of the early introduction of foods, and sometime thereafter, girls would falter more than boys would because the girls were fed less food.

An inspection of the anthropometric data collected in the village confirmed our prediction from the natural experiment of the effect of mothers' gender perceptions and behaviors on the sequencing of the growth differences between sexes. We chose appropriate age intervals from the village findings to improve our prediction about the timing of the sex-difference patterns. We used this improved prediction to test the national DHS data.

The DHS data replicated the pattern of the growth differences identified in the village study, including a large difference between girls and boys in the 6--17-mo interval followed by a marked diminution in the 18--29-mo interval. The statistical test of these findings (*P* \< 0.05) is generalizable nationally to Guatemalan indigenous children.

Nonindigenous children were also growth retarded but much less so than were the indigenous children. The nonindigenous children did not exhibit the sex differences in growth patterns shown in the indigenous children. Indigenous children of refugee families who were living in the United States with better economic and social resources have been shown to be substantially taller and heavier than were indigenous children who were living in Guatemala ([@b58]). This result substantiates the conclusions in the literature that a variation in growths of height and weight during the first years of life in children of diverse ethnic groups is, above all, regulated by the environment ([@b2], [@b44], [@b59]). Therefore, ethnic differences in growth patterns in Guatemala are attributable to cultural and socioeconomic differences.

The use of the HAZ vs. HAD did not alter the conclusions regarding sex differences in growth patterns from 0 to 29 mo of age. However, as documented previously ([@b60]), the HAZ masks the actual continued accumulation of a growth deficit after 24 mo of age.

Although there is widespread belief that appropriate breastfeeding promotes growth, there is little evidence of this effect during infancy ([@b29], [@b55]). In our study, the causal link with gendered child feeding and growth was very strong because the analyses of growth confirmed the impact of a natural experiment in which confounding was controlled for by the fact that girls and boys were in the same kinds of families. The link would be even more plausible ([@b61]) if the path from gendered perceptions was shown not to be mediated through other paths such as a differential exposure to pathogens. We showed no evidence of gender perceptions or behaviors relative to the exposure to pathogens or the care of sick children. If the difference in favor of girls was indeed due to more exclusive breastfeeding, it allays concerns that breastfeeding alone might not compensate for the exposure to infections in the first half of infancy in these kinds of populations.

In the second half of infancy, we were surprised by the finding in the village data, which was replicated in the DHS data, that the indigenous girls continued to grow well throughout the first year of life. This result might have been because of the continuing fuller breastfeeding in girls, which was information received during the ethnographic interviews. Growth benefits from breastfeeding have been reported even into the second year of life in a Peruvian population with poor complementary feeding ([@b62]).

We also showed that the comparison of the mean growth between sexes over large age intervals obscured the more-severe growth faltering that girls experienced in the second year of life and could have led to the erroneous conclusion that girls experienced less growth retardation than boys did. Most studies that have analyzed sex differences in anthropometric measures reported multiyear means and have not disaggregated age by narrow-enough age intervals to reveal subtle differences in growth patterns early in childhood ([@b63]--[@b72]). Few previous investigations have reported differences between sexes in the timing of growth faltering. These studies, as reviewed in the discussion that follows, were exploratory and not confirmatory.

An incidental finding in a Guatemalan rural village study reported a difference of a 0.32 HAZ in favor of girls at 3 mo but did not comment on this finding or on the difference of a 0.26 HAZ at 6 mo ([@b12]). In Bangladesh, girls showed less growth faltering than boys did at 6 mo of age but faster faltering thereafter ([@b73]). In a population of Filipino children, stunting in boys exceeded that of girls in the first year of life. During the second year of life, there were more new cases of stunting in girls ([@b22]). A study of Malawian children ([@b74]) was most similar to our study in the comparison of 2 ethnic groups. In one of the ethnic groups, the Yao, boys had a lower mean HAZ than did girls between the ages of 6 and 23 mo; however, there was a reversal in the means at older ages. To our knowledge, the only study that examined possible determinants of the sex pattern was the Filipino study ([@b22]). The study cited a previous study by the same investigator group that showed that "males are given supplemental foods earlier, are fed larger quantities of supplemental foods and have higher rates of diarrhea compared with females" ([@b75]). These findings correspond to the gendered cultural behaviors reported in our Guatemalan village study.

To facilitate future studies on the interactions of biological and sociocultural dynamics of growth faltering, we propose an explanatory model for the observed differences between sexes in growth ([**Figure 5**](#fig5){ref-type="fig"}). This model involves the convergence of several biological-cultural-ecologic factors in the pathway that produce differences between sexes in growth patterns. Sex-based biology modifies the effect of living conditions on infectious disease because males are more prone to disease episodes ([@b76]). Increased illness subsequently increases macronutrient and micronutrient requirements and affects hunger. Sex-based biology may also indirectly affect hunger considering that healthy male infants are born slightly larger, grow at a faster pace, and, as a result, have higher energy needs than females do ([@b77], [@b78]). These biological facts are interpreted in the context of gender-based beliefs about IYC care, which are based on broader cultural gender beliefs as well as sex-based biological differences in hunger. Finally, the gender-based beliefs determine the breastfeeding and complementary feeding practices, which both reinforce the children's behaviors and the mothers' feeding responses and, compounded by illness, result in differences between sexes in growth retardation.

![Biological-cultural-ecologic influences on differences in growth-faltering patterns between sexes. Lines that end in an arrowhead denote an additive effect of the determinant. Lines that end in a crossbar represent interactive or modifying effects (synergistic or antagonistic). IYC, infant and young child.](ajcn100776fig5){#fig5}

In conclusion, ethnography and the observational assessment of feeding and hygiene behaviors of girls and boys in populations where girls grow as well as they did in the current study should be a high priority for investigation because this inquiry will reveal feeding and other protective behaviors that are effective in promoting healthy growth in very-poor populations. The promotion of these beneficial behaviors would likely not require food supplementation in the early complementary feeding period. In our study, infant girls who lived in one of the most stunted populations in the world ([@b45]) did not require added resources beyond those that were available in the household. The improvement of mothers' foods may nevertheless be necessary to maintain or increase breast-milk production to meet infant demands for prolonging breastfeeding ([@b79]). Furthermore, the improvement of complementary feeding practices for both sexes remains a challenge as shown by the serious deterioration of height after infancy in both girls and boys.
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DHS

:   Demographic and Health Survey

HAD

:   height-for-age difference

HAZ

:   height-for-age *z* score

IYC

:   infant and young child
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